Abstract.-We have studied the influence of magnetic field on the photoconductivity uph and dark conductivity ud of glow discharge deposited a-Si:H films doped with phosphorus or boron up to a nominal content of 7 %. The relative change of uph is of the order of to depending on temperature and on the dopant concentration. Its dependence on magnetic field strength B varies significantly with the position of the Fermi level. In highly doped material ( B~H~/ S~H~ > and P H~/ S~H * > lob2) , we observe -for the first time in this material -magnetic field induced changes of ad This magnetoconductivity effect is attributed to a second current path in localized band tail states close to the Fermi level.
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Introduction.-Recently we found that the photoconductivity opt, of glow discharge deposited a-Si:H films changes by as much as 2 % if a magnetic field BclO kGauss is applied1'*. The dependence of Aap~/uph on B is anomalous and strikingly similar to the magnetoresistance effect previously observed in the variable range hopping regime of evaporated a-Si and a -~e~'~. Both effects have been successfully interpreted in terms of a model by Movaghar and schweitzerlf 5 1 6, in which the recombination rate or hopping rate, respectively, depend on the spin relaxation rate which in its turn is modified by the applied field.
Our previous studies of aph (B) were restricted to undopedl or lightly doped2 a-Si:H films. Here we report on an extension of these investigations to boron and phosphorus contents up to nominally 7 %. In the course of this study we also found that the dark conductivity ud is influenced by the magnetic field if the dopant content exceeds a certain limit for boron and for phosphorus).
Experimental.-The a-Si:H films were deposited onto fused quartz substrates mounted at the grounded anode of a capacitively coupled glow discharge system. SiH4 gas was premixed with PH3 or B2H6 and diluted at a ratio of 1:l with Ar. Pressure during deposition was 0.6 mbar, deposition rate % 3 R/s and substrate temperature 280°c. ad and u p : were measured by means of two evaporated Cr electrodes, 0.5 mm apart. To determine the dependence of both quantities on the magnetic field strength B we used a sawtooth type field generated by chopping the magnet current at a frequency of 1.5 Hz. The resulting change of the specimen current was amplified and monitored with a storage oscilloscope. Photoconductivity measurements were made with illumination by a tungsten-iodine lamp at an incident power of % 50 mw/cm2. In order to Fig. la is very similar to that previously reported for undoped a-Si:H which usually is also n-type. Both specimens in Fig. 1 show complicated, anomalous dependencies which are similar , at low temperatures ( T L 120 K in Fig. 3 . The dopant content is 3 % for both the phosphorus doped film (Fig. 3a) and the boron doped film (Fig. 3b) . It is interesting to note that the curves in Fig. 3 are very similar to those in Fig. 2 but opposite in sign. The magnitude of the components el and e2 determined at ~= 1 5 0 K is plotted in Fig. 4a as a function of the dopant content. Both components seem to saturate at high doping levels and steeply decay towards low doping ratios. a more similar rate.
The behaviour of n-type films ( I -b 2 ) -
where HI is the internal anisotropy field due to dipolar and hyperfine interactions and H, is the external field B, both expressed in frequency units (1 ~2 2 . 8 . 1 0~ Hz). The quantity b is a measure of the g-tensor anisotropy which is assumed to be proportional to the g-shift 6 9 (b2 = 3/10 6g2), v is the frequency of fluctuations of the anisotropy fields and d is the dissociation or thermal release rate. For simvlicitv we have marize our previously published model
a-Si: H [ P H~] / [ s I H~] =~
for magnetic field dependent recombination' 1 6. We assume that, at least for part of the recombination 
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JOURNAL DE PHYSIQUE occupied, the rate of this transition, rT, is affected in the same way as the recombination rate of triplet pairs, %. Since ad increases with increasing r~ whereas aph decreases with increasing %, the changes of ad and oph must be opposite. This is just what we observe for highly doped a-Si:H films (cf. Figs. 2 and 3) .
In weakly doped n-type films the negative component e2 of Aaph/uph becomes stronger compared with the positive component el when the temperature Increases (Fig. la) . This behaviour indicates that the distribution of the fluctuation frequency v changes with temperature such that the centroid shifts to larger values.
For p-type films, on the other hand, this shift seems to be less pronounced, since the ratio of e2 and el varies only little with temperature. The reason for this different behaviour is not yet understood.
The most striking result of the present study is the strong decrease of the negative component e2 when the phosphorus content exceeds 'L 3-10-~ (cf. Figs. la and  2a) . We attribute this effect to a change of the predominant recombination channel. At the lower doping levels the recombination rate presumably is limited by a transition from a localized tail state to a singly occupied dangling bond state. At the higher doping ratios (2 3-10-4) the F e m i level EF lies in the band tail above the dangling bond levels, so that the recombination rate is determined by a transition from a localized state in the upper part of the tail to another one near EF which is singly occupied. This latter assignment is supported by recent ESR data, which indicate that the g-tensor anisotropy of electrons in the conduction band tail, and therewith the quantity b in eq. (I), is smaller than that of the dangling bond electrons. As a consequence, the negative component e2 should be smaller if the final state of the transition is a doubly occupied tail state instead of a dangling bond state, in agreement with our experimental results (cf. Figs. la and 2a) . For p-type films we do not observe a significant change in the dependence of Aa h/~ph on B with the dopant content, indicating that there 1s no marked change 05 the anisotropy of the g-tensor.
In undoped and weakly doped a-Si:H films EF lies in an energy range where the density of states g(E) is so sraall that the charge transport in these states does not yield a noticeable contribution to ad. This situation changes when, due to doping, the Fermi level EF is shifted into a region of larger g(E). The results in Fig. 4a indicate that, for boron doped films, hopping near E contributes significantly to ad (at T = 150 K) if the dopant content exceeds l o -' .
In phosphorus doped films this occurs only at an appreciably higher doping ratio (> This result reflects the large asymmetry in the effective density of gap states indicated by field effect data8. We believe that the magnetic field dependent processes are hops from singly occupied tail states to other singly occupied tail states. The striking similarity of Aad/od with -Auph/a in highly doped films (cf. Figs. 2 and 3 ) suggests that such inter-tail .transi~?ons also determine the recombination rate in these films. 
